Figure S7 1 H NMR of the t-butbmH molecule in CDCl 3
Figure S8 
ettbmH/etdbmH

Figure S15 Emission of ligand ettbmH (black trace) and its Gd 3+ complex (red trace) in an ethanol matrix at 77K. The asterisks denote the estimated position for the 0-phonon transition for the determination of the energy of the singlet state (black) and triplet state (red). Inset shows deconvolution of the Gd 3+ complex emission curve.
Figure S16 Emission of ligand etdbmH (black trace) and its Gd 3+ complex (red trace) in an ethanol matrix at 77K. The asterisks denote the estimated position for the 0-phonon transition for the determination of the energy of the singlet state (black) and triplet state (red).
butbmH/ budbmH
Figure S17 Emission of ligand butbmH (black trace) and its Gd 3+ complex (red trace) in an ethanol matrix at 77K. The asterisks denote the estimated position for the 0-phonon transition for the determination of the energy of the singlet state (black) and triplet state (red).
Figure S18 Emission of ligand budbmH (black trace) and its Gd 3+ complex (red trace) in an ethanol matrix at 77K. The asterisks denote the estimated position for the 0-phonon transition for the determination of the energy of the singlet state (black) and triplet state (red).
t-butbmH/ t-budbmH
Figure S19 Emission of ligand t-butbmH (black trace) and its Gd 3+ complex (red trace) in an ethanol matrix at 77K. The asterisks denote the estimated position for the 0-phonon transition for the determination of the energy of the singlet state (black) and triplet state (red). Inset shows deconvolution of the Gd 3+ complex emission curve.
Figure S20 Emission of ligand t-butdbmH (black trace) and its Gd 3+ complex (red trace) in an ethanol matrix at 77K. The asterisks denote the estimated position for the 0-phonon transition for the determination of the energy of the singlet state (black) and triplet state (red).
Energy values for singlet and triplet states of ligands
t-butbmH
Figure S27 1 H NMR of the t-butbmH molecule and one equivalent of KOH over 5 days in MeOD tbmH + LuCl 3
1 H-NMR studies of the most stable β-triketone (tbmH) in MeOH were also performed in the presence of LuCl 3. As it can be seen in Figure S28 , after addition of 1 equivalent of LuCl 3 in a tbm solution, appearance of multiple species can be observed. While some coordination of the β -triketonate can be identified, new peaks are also present assigned to β-diketonate and benzoate probably in both coordinated and non-coordinated forms. 
Shape analysis
Geometrical parameters for the coordination sphere of the lanthanoid cations in the complexes 1-10 were determined. The analysis was carried out considering the degree of distortion with respect to the two closest ideal geometries using software developed by Alvarez et al. 1 that allows a mathematical calculation of continuous shape measures (CShM) 2 relative to the ideal geometries shown in the x-and y-axes. Normalised excitation and emission plots 
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